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Abstract 
The dietary approach to stop hypertension (DASH) diet is an effective measure in the 
prevention and treatment of CVD. We evaluated recent trends in socioeconomic differences 
in the DASH score in the UK population, using education, occupation and income as proxies 
of socioeconomic position (SEP). We analyzed data on 6416 subjects aged 18 and older 
collected in the National Diet and Nutrition Survey (NDNS 2008-2016). The DASH score 
was calculated using sex-specific quintiles of DASH items. Multiple linear regression and 
quantile regression models were used to evaluate the trend in DASH score according to SEP. 
The mean DASH score was 24 (standard deviation: 5). The estimated mean differences 
between people with no qualification and those having the highest level of education was -
3.61 points (95% CI: -4.00; -3.22). The mean difference between subjects engaged in routine 
occupations and those engaged in high managerial and professional occupations was -3.41 
points (95% CI: -3.89; -2.93) and for those in the first fifth and last fifth of the household 
income distribution was -2.71 points (95% CI: -3.15; -2.28). DASH score improved over time 
and no significant differences in the trend were observed across SEP. The widest 
socioeconomic differences emerged for consumption of fruit, vegetables, wholegrains, nuts, 
seeds and legumes.  Despite an overall increase in the DASH score, a persisting SEP gap was 
observed. This is an important limiting factor in reducing the high socioeconomic inequality 
in CVD observed in the UK.  
 
Keywords: Dietary Approaches to Stop Hypertension, Socio-economic inequalities, National 
Diet and Nutrition Survey 
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Introduction 
Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide
(1)
. 
The UK is among the countries with the highest incidence of CVD in western Europe 
accounting for one in four premature deaths
(2)
. Recent trends in the UK show that, despite the 
overall decreasing CVD mortality rates, more favourable trends amongst the highest 
socioeconomic groups have widened relative inequality 
(3)
. The most deprived individuals are 
almost twice as likely to die from CVD than those having more resources
(4)
.  
Diet is a key modifiable risk factor for CVD  and is among the contributing factors to 
socioeconomic inequalities in CVD morbidity and mortality
(1,5-7)
. A poorer diet has long been 
reported in low SEP individuals and thus, improving the diet of people of low SEP is of 
utmost importance to reduce the burden of disease 
(7-9)
. The dietary approach to stop 
hypertension (DASH) diet  has been proved effective in lowering blood pressure in patients 
with CVD as well as to prevent risk factors for CVD in the general population 
(10)
. The 
DASH diet is high in fruits and vegetables, moderate in low-fat dairy products and low in 
animal protein but with substantial amount of plant protein from legumes and nuts 
(11)
. The 
cost of consuming such a diet however, could be a barrier among people with low SEP 
(12-14)
. 
In this study, we evaluated recent trends of the DASH score across socioeconomic strata of 
the UK population, using education, occupation and income as proxies of the SEP. 
 
Experimental methods 
 
Data Source  
We analysed three waves (2008-2012, 2013-2014, 2015-2016) of the UK National Diet and 
Nutrition Survey (NDNS). The NDNS is an annual rolling cross-sectional survey carried out 
on behalf of Public Health England and the Food Standards Agency. It is designed to assess 
the diet, nutrient intake and nutritional status of a representative sample of UK adults and 
children. Households were randomly sampled from the UK Postcode Address File, with one 
adult and one child (18 months or older) or one child selected for inclusion.  
Sociodemographic data, lifestyle behaviours, dietary habits as well as height and weight were 
collected during a computer-assisted personal interview. We included all subjects aged 18 
and older at the time of interview. We excluded as implausible total daily energy intakes that 
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were below 500 kcal or above 5000 kcal per day 
(15)
.  Written informed consent was obtained 
from participants or their parents/guardians. The survey was conducted according to the 
Declaration of Helsinki guidelines. Ethical approval for the NDNS was obtained from the 
Oxfordshire A Research Ethics Committee and the Cambridge South NRES Committee (Ref. 
No. 13/EE/0016) 
(16,17)
 . 
Dietary Records  
Respondents were asked to complete a dietary record for four consecutive days (including 
weekends and weekdays), giving a detailed description of each item consumed, the time of 
consumption, and the amount (using household measures and photographs). Information on 
missing food items was collected on repeat visits by interviewers. Trained diet coders then 
entered the food intake data from completed recordings using an in-house dietary assessment 
system
(16,17)
 . 
Outcomes 
The DASH score was the primary outcome of the study, while the single components of the 
DASH score were the secondary outcomes. The DASH score was computed according to the 
method described in Fung et al
(18)
, where points (from 1 to 5) were assigned based on sex-
specific quintiles of intake in order of most consumption for fruit; vegetables (excluding 
potatoes); whole grains; low-fat dairy products; nuts, seeds and legumes. Quintiles for red 
and processed meats, free sugar and sodium were assigned 1-5 points in order of least 
consumption. According to this algorithm the overall DASH score ranged between 8 (lowest 
compliance) and 40 points (highest compliance) 
(18,19)
. To compute the DASH score, we 
retrieved variables for fruit and vegetables, free sugar and sodium intake from the NDNS 
archive. Using disaggregated foods from the database, we derived the intakes of whole 
grains, low fat dairy products, nuts, seeds and legumes as well red and processed meats.   
Details of what was included in each of these components can be found in the Supplements 
(Table S1). 
Variables of socioeconomic position (SEP)  
We used three proxies to define the SEP of the individuals: education, occupation-based 
social class and income. 
The original variables for the highest attained educational qualification included eight 
categories: 1) degree or equivalent; 2) higher education, below degree level; 3) GCE, A level 
or equivalent; 4) General Certificate of Secondary Education (GCSE) grades A-C or 
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equivalent; 5) GCSE grades D-G/Commercial qualifications/apprenticeship; 6) Foreign or 
other qualifications; 7) No qualifications and 8) Still in full-time education
(16,17)
. In the 
present analysis, categories 3 to 5 were merged in the same category (GCSE) as these 
categories correspond to academic school-leaving qualifications typically completed between 
16 – 18 years or vocational courses of an equivalent level. From the analysis of education, we 
excluded: “foreign or other qualifications” since this category included individuals with 
different level of education; full-time students since they did not complete their education 
program; and individuals with missing values. 
The occupation-based social class of the individual was reported according to the National 
Statistics of Socioeconomic Classification (NS-SEC8) which includes: 1) routine; 2) semi-
routine; 3) lower supervisory and technical, 4) small employers and own account holders; 5) 
intermediate; 6) lower managerial and professional; 7) higher managerial and professional; 8) 
never worked 
(16,17,20)
.  From the analysis of occupation-based social class, we excluded: the 
category “never worked” (it is likely that this category included sick and disabled individuals 
whose dietary choices could be affected by the underlying condition); long-term unemployed 
individuals (as there was no information in the survey questionnaire to assign them to a 
specific category); individuals with missing values. 
Total household income over the previous 12 months was equivalised to adjust for the 
presence of other adults and children in the household. Each household member was given a 
standard weight (0.67 for the first adult, 0.33 for other adults, 0.20 for each additional child 
aged less than 14 years and 0.33 for each additional child aged 14 and over). Then household 
income was divided by the sum of the standard weights.  Equivalisation allows a comparison 
across households of different size and composition 
(16,17)
.  The median values of each 
household income over each year was then used to categorise the income into quartiles.   
Other variables 
In this analysis we also used ethnic group and BMI. For ethnic group, the original variable 
included the following groups: white, mixed ethnic group, black or black British, Asian or 
Asian British and any other group. Since the majority of the survey population was white 
(93%) we grouped all the non-white individuals in the same category. Body mass index 
(BMI) was obtained as weight (kg) divided by height squared (m
2
) and it was categorized as 
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underweight (<18.5 kg/m
2
), normal weight (18.5-24.9 kg/m
2
), overweight (25-29.9 kg/m
2
) 
and obesity (>=30 kg/m
2
) 
(16,17)
. 
Statistical Analysis 
Demographic, socioeconomic variables and BMI across survey years were presented as 
counts and percentages. Trends over the survey period (in the proportion of males, whites, 
overweight individuals, mean age, individuals with no qualification, routine occupation and 
income) were evaluated through logistic regression models (for categorical variables) or 
using linear regression models (for continuous variables) including the calendar year (in 
continuous) as independent variable. 
We fitted multiple linear regression models to evaluate the association between 
socioeconomic variables and the DASH score. The models included terms for sex, ethnic 
group (whites and non-whites), age (as linear and quadratic term to account for nonlinear 
relationship between age and the DASH score), socioeconomic variable, survey year and an 
interaction term between the socioeconomic variable and the survey year. The F-test was 
used to test the significance of each term included in the regression models.   
Since the distribution of each component of the DASH score was highly skewed, we carried 
out a quantile regression analysis to model the median intake of each component of the 
DASH score as a function of the socioeconomic variable and the survey year 
(21)
. For sugar-
sweetened beverages we modeled the 80
th
 centile instead of the median since less the 50% of 
subjects reported intakes greater than 0. These models included the same set of terms used in 
the main analysis. The Wald’s test was used to verify the significance of each term included 
in the quantile regression models 
(22)
. All statistical tests were two-sided with =0.05. Results 
were also shown graphically by plotting the predicted values of the regression models in the 
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001087
Accepted manuscript 
 
two extreme categories of the SEP variables. All analyses were performed using R (version 
3.5.0) and quantile regression models were fitted using the package “quantreg”. 
 
Results  
The study included 6416 adults (3741 women and 2675 men) included in the database. 
Nineteen subjects were excluded due to unreliable daily energy intake. Table 1 gives their 
demographic and socioeconomic characteristics by survey year. More women were enrolled 
in each wave of the survey, but the proportion of men and women did not change over the 
period. More than 90% of subjects were whites, although the proportion of non-whites 
increased over the period. Mean age was 48 years (range: 18-96 years), with no significant 
differences across survey years. One fourth of subjects were obese and almost one third 
overweight and these figures remained constant over the period. The proportion of 
individuals with no qualification significantly decreased, while there was no difference in the 
proportion of individuals engaged in routine occupations. Household income also tended to 
increase over the period.  
Table 2 shows the mean values of the DASH score across socioeconomic groups. Less 
educated individuals, those engaged in routine occupations and subjects with lower incomes 
had lower values of the score compared to the individuals with higher SEP. There was a 
positive and significant association of the survey year, indicating that the DASH score 
increased over the period, while the interaction term between the survey year and the 
socioeconomic variables were not significant showing that the trend was not different across 
socioeconomic groups. Thus, the interaction term was not retained in the final models.  
Table 3 gives the results of the regression models. The estimated mean difference in DASH 
score between people with no qualification and those having the highest level of education 
was -3.61 points (95% CI: -4.00; -3.22). Similarly, the difference between people engaged in 
routine occupations and those engaged in high managerial and professional occupations was -
3.41 points (95% CI: -3.89; -2.93), and the estimated mean difference between subjects in the 
first fifth and last fifth of the household income distribution was -2.71 points (95% CI: -3.15; 
-2.28).   
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Figure 1 shows the estimated mean values of the DASH score according to survey year and 
SEP. A gradient relationship between DASH score and all socioeconomic variables emerged, 
with increasing values of the score at higher SEP. 
The results of the quantile regression models are reported in the Supplements (Table S2-S4). 
Figure 2, 3 and 4 show the median intake of each component of the DASH score estimated 
for the extreme categories of education, occupation and household income, respectively. The 
widest socioeconomic differences emerged for consumption of fruit, vegetables, whole 
grains, nuts, seeds and legumes. Over the period, consumption of whole grains, nuts, legumes 
and seeds generally increased and was mirrored by a reduction in the intake of red and 
processed meat, sugar sweetened beverages and sodium. 
 
Discussion  
We found that the DASH score increased over time in all socioeconomic groups in the UK, 
however less educated individuals, those engaged in routine occupations and subjects with 
lower incomes had lower scores, indicating a persisting socioeconomic gap. This gap was 
mainly driven by a lower intake of fruit, vegetables, whole grains, nuts, legumes and seeds.  
Of note we observed a gradient relationship between the DASH score and all SEP variables 
analyzed. Similar patterns of association were found in previous studies investigating the 
relationship between SEP and tobacco smoking, obesity, low physical activity, prevalence 
and treatment of hypertension 
(23)
 as well as CVD mortality 
(24)
. 
Our results are consistent with other published UK studies, which reported that overall 
population compliance to four key UK recommendations (fruit and vegetable intake, oily fish 
intake, salt intake and red and processed meat intake) was low to moderate, but improved 
over time 
(25-27)
. 
In line with our analysis, a systematic review of 11 European studies found that individuals in 
high SEP have higher consumption of fruit and vegetables 
(28)
. Similarly, a study looking at 
the NDNS data reported that those in the highest socio-economic groups consumed up to 
128g/day more fruit and vegetables 
(26)
. Another study from the UK reported that high 
income groups not only consumed more vegetables and fruit but also consumed lower 
amounts of processed meat, sweet snacks and processed potato products (chips and crisps) 
(29)
. Moreover, high income groups consumed more grams of fibre per 1000 kcal, a greater 
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percentage of their energy derived from total sugars and proteins, and their intake of sodium 
was 3% less than that of lower income groups.  
Interestingly over the time, our results showed a lower consumption of sugar sweetened 
beverages and a decrease in sodium in all groups. The gradual decrease in sodium 
consumption across all socio-economic groups is likely an encouraging reflection of the UK 
Salt Reduction Programme 
(30)
.  
A range of mechanisms are at work in determining food intake across all socioeconomic 
groups  
(13,31-33)
. Accessibility, availability, cost, food preferences, as well as nutritional 
knowledge and sociocultural norms all influence a dietary choices 
(34)
.  
The influence of education and occupation on dietary choices could be indirect and partially 
mediated by income 
(33,35)
. High food cost could be a barrier against adopting a healthy diet 
among people of low SEP 
(14,36,37)
. Differences in the price of ‘healthy’ and ‘less healthy’ 
foods and diets could contribute to obesity, non-communicable diseases (NCDs) such as 
CVD and their inequalities 
(34)
. Some studies suggest that the income–diet and cost–diet 
pathway is stronger in lower-educated individuals than in higher-educated individuals 
(32,38-
41)
. In support of this, a recent study in Australia found that households with the lowest 
incomes are more vulnerable to increasing food prices, as they spend less per person on food 
(34)
. Studies that estimated dietary costs in the UK showed that people who score more 
favourably on healthy diet indicators, as well as those who consume more fruit and 
vegetables tended to spend more on food or consume higher value diets 
(35)
. An increase in 
the price of whole fruit may also drive consumers to buy more fruit juices instead of fruit 
(32)
. 
Another interesting finding is the higher consumption of wholegrains, nuts and legumes in 
the higher SEP groups. Wholegrains and legumes are high in fibre, rich in vitamins, minerals 
and phytochemicals and epidemiological evidence suggests an inverse association between 
wholegrain, fibre consumption and the risk of non-communicable diseases such as CVD 
(42)
.  
Furthermore, wholegrains and legumes are  essential to meet the recommendation by the UK 
Scientific Advisory Committee on Nutrition to increase dietary intake of fiber up  to 30 g/d 
(43)
.  
This study has important strengths. Firstly, this is the first study to explore recent trends of 
socioeconomic dietary inequality in relation with the DASH diet among the UK adult 
population using a number of different sociodemographic indicators. We used three proxies 
of SEP that, although correlated, act through different mechanisms in generating socio-
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economic disparities in lifestyle risk factors and health 
(44)
. While education reflects the 
ability of the individual to understand and act in response to health promoting messages, 
occupation and income better indicate material resources, prestige, job control and effort-
reward imbalance 
(45,46)
. Secondly, the analysis was based on the NDNS data, a high quality, 
representative, up-to-date UK data source. Results are thus generalizable on a population 
level and can be compared to other recent studies. Finally, food and nutrient data were 
gathered from a self-reported four-day diary, which provides better representation of usual 
consumption than food frequency questionnaires or 24-h dietary recalls, commonly used in 
epidemiological studies.  
The study has also some limitations. Firstly, the cross-sectional nature of the study limits our 
findings since trends in compliance with the DASH plan were not estimated on the same 
individuals but on different individuals over time. Secondly, as in most nationwide 
population surveys, the most deprived groups may be under-represented (i.e. homeless, 
unemployed or migrants not speaking English) as they are less likely to participate in the 
survey 
(26,47)
. Although measures were taken by the NDNS team to reduce the effect of 
potential non-response bias 
(16,17)
 . Finally, food diaries are self-reported and are then subject 
to recall bias and misreporting. 
 
In conclusion, in the UK, people with low SEP have a lower DASH score and this gap 
persisted over the last decade despite an overall increase in the score. This is an important 
limiting factor in reducing the high socioeconomic inequality in CVD observed in the UK 
and calls for more effective promotion of healthy diet in the most disadvantaged individuals.  
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001087
Accepted manuscript 
 
 
Acknowledgements: The raw data used in this paper were taken from the National Diet and 
Nutrition Survey (NDNS) and accessed with kind permission of the UK Data Service.  
 
Financial support: This research received no specific grant from any funding agency, 
commercial or not-for-profit sectors. 
 
Conflicts of interest: None 
 
Authors’ Contributions: Linia Patel conceptualised the study, Linia Patel and Gianfranco 
Alicandro designed the study, Gianfranco Alicandro performed the data analysis, Linia Patel 
and Gianfranco Alicandro wrote the original draft and all authors reviewed and edited drafts. 
Carlo La Vecchia was responsible for overall supervision.  All authors read and approved the 
final manuscript.”  
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001087
Accepted manuscript 
 
REFERENCES 
 
1. Organisation WH (2019) Cardiovascular Diseases. 
2. England N Cardiovascular Disease. 
3. Mackenbach JP, Kulhanova I, Artnik B et al. (2016) Changes in mortality inequalities over 
two decades: register based study of European countries. BMJ 353, i1732. 
4. England PH (2018) Inequalities in health. 
5. Pampel FC, Krueger PM, Denney JT (2010) Socioeconomic Disparities in Health 
Behaviors. Annu Rev Sociol 36, 349-370. 
6. Turrell G, Vandevijvere S (2015) Socio-economic inequalities in diet and body weight: 
evidence, causes and intervention options. Public Health Nutr 18, 759-763. 
7. Allen L, Williams J, Townsend N et al. (2017) Socioeconomic status and non-
communicable disease behavioural risk factors in low-income and lower-middle-income 
countries: a systematic review. Lancet Glob Health 5, e277-e289. 
8. Hillier-Brown FC, Bambra CL, Cairns JM et al. (2014) A systematic review of the 
effectiveness of individual, community and societal-level interventions at reducing socio-
economic inequalities in obesity among adults. Int J Obes (Lond) 38, 1483-1490. 
9. La Vecchia C, Negri E, Franceschi S et al. (1992) Differences in dietary intake with 
smoking, alcohol, and education. Nutr Cancer 17, 297-304. 
10. Maddock J, Ziauddeen N, Ambrosini GL et al. (2018) Adherence to a Dietary 
Approaches to Stop Hypertension (DASH)-type diet over the life course and associated 
vascular function: a study based on the MRC 1946 British birth cohort. Br J Nutr 119, 581-
589. 
11. Siervo M, Lara J, Chowdhury S et al. (2015) Effects of the Dietary Approach to Stop 
Hypertension (DASH) diet on cardiovascular risk factors: a systematic review and meta-
analysis. Br J Nutr 113, 1-15. 
12. Bertoni AG, Foy CG, Hunter JC et al. (2011) A multilevel assessment of barriers to 
adoption of Dietary Approaches to Stop Hypertension (DASH) among African Americans of 
low socioeconomic status. J Health Care Poor Underserved 22, 1205-1220. 
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001087
Accepted manuscript 
 
13. Jones NR, Tong TY, Monsivais P (2018) Meeting UK dietary recommendations is 
associated with higher estimated consumer food costs: an analysis using the National Diet 
and Nutrition Survey and consumer expenditure data, 2008-2012. Public Health Nutr 21, 
948-956. 
14. Darmon N, Drewnowski A (2015) Contribution of food prices and diet cost to 
socioeconomic disparities in diet quality and health: a systematic review and analysis. Nutr 
Rev 73, 643-660. 
15. Banna JC, McCrory MA, Fialkowski MK et al. (2017) Examining Plausibility of Self-
Reported Energy Intake Data: Considerations for Method Selection. Front Nutr 4, 45. 
16. England PH (2008 - 2011) National Diet and Nutrition Survey 1-4. User Guide. 
17. England PH (2014 - 2016) National Diet and Nutrition Survey. Years 5-6. User Guide. 
18. Fung TT, Chiuve SE, McCullough ML et al. (2008) Adherence to a DASH-style diet and 
risk of coronary heart disease and stroke in women. Arch Intern Med 168, 713-720. 
19. Miller PE, Cross AJ, Subar AF et al. (2013) Comparison of 4 established DASH diet 
indexes: examining associations of index scores and colorectal cancer. Am J Clin Nutr 98, 
794-803. 
20. Statistics OoN (2010) The National Statistics Socio-economic classification (NS-SEC). 
21. W KR (2005) Quantile Regression. Cambridge U Press. 
22. Bassett G KR (1982) Tests of Linear Hypotheses and L1 Estimation. Econometrica 50, 
1577-83. 
23. de Gaudemaris R, Lang T, Chatellier G et al. (2002) Socioeconomic inequalities in 
hypertension prevalence and care: the IHPAF Study. Hypertension 39, 1119-1125. 
24. Alicandro G, Frova L, Sebastiani G et al. (2018) Differences in education and premature 
mortality: a record linkage study of over 35 million Italians. Eur J Public Health 28, 231-237. 
25. Yau A, Adams J, Monsivais P (2019) Time trends in adherence to UK dietary 
recommendations and associated sociodemographic inequalities, 1986-2012: a repeated 
cross-sectional analysis. Eur J Clin Nutr 73, 997-1005. 
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001087
Accepted manuscript 
 
26. Maguire ER, Monsivais P (2015) Socio-economic dietary inequalities in UK adults: an 
updated picture of key food groups and nutrients from national surveillance data. Br J Nutr 
113, 181-189. 
27. Winpenny EM, Greenslade S, Corder K et al. (2018) Diet Quality through Adolescence 
and Early Adulthood: Cross-Sectional Associations of the Dietary Approaches to Stop 
Hypertension Diet Index and Component Food Groups with Age. Nutrients 10. 
28. Irala-Estevez JD, Groth M, Johansson L et al. (2000) A systematic review of socio-
economic differences in food habits in Europe: consumption of fruit and vegetables. Eur J 
Clin Nutr 54, 706-714. 
29. Pechey R, Jebb SA, Kelly MP et al. (2013) Socioeconomic differences in purchases of 
more vs. less healthy foods and beverages: analysis of over 25,000 British households in 
2010. Soc Sci Med 92, 22-26. 
30. Attree P (2006) A critical analysis of UK public health policies in relation to diet and 
nutrition in low-income households. Matern Child Nutr 2, 67-78. 
31. Mackenbach JD, Brage S, Forouhi NG et al. (2015) Does the importance of dietary costs 
for fruit and vegetable intake vary by socioeconomic position? Br J Nutr 114, 1464-1470. 
32. Darmon N, Drewnowski A (2008) Does social class predict diet quality? Am J Clin Nutr 
87, 1107-1117. 
33. Pechey R, Monsivais P, Ng YL et al. (2015) Why don't poor men eat fruit? 
Socioeconomic differences in motivations for fruit consumption. Appetite 84, 271-279. 
34. Lee A, Mhurchu CN, Sacks G et al. (2013) Monitoring the price and affordability of foods 
and diets globally. Obes Rev 14 Suppl 1, 82-95. 
35. Timmins KA, Hulme C, Cade JE (2015) The monetary value of diets consumed by British 
adults: an exploration into sociodemographic differences in individual-level diet costs. Public 
Health Nutr 18, 151-159. 
36. Jones NRV, Tong TYN, Monsivais P (2018) Meeting UK dietary recommendations is 
associated with higher estimated consumer food costs: an analysis using the National Diet 
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001087
Accepted manuscript 
 
and Nutrition Survey and consumer expenditure data, 2008-2012. Public Health Nutr 21, 
948-956. 
37. Rao M, Afshin A, Singh G et al. (2013) Do healthier foods and diet patterns cost more 
than less healthy options? A systematic review and meta-analysis. BMJ Open 3, e004277. 
38. Northstone K, Emmett PM (2010) Dietary patterns of men in ALSPAC: associations with 
socio-demographic and lifestyle characteristics, nutrient intake and comparison with 
women's dietary patterns. Eur J Clin Nutr 64, 978-986. 
39. Aggarwal A, Monsivais P, Cook AJ et al. (2011) Does diet cost mediate the relation 
between socioeconomic position and diet quality? Eur J Clin Nutr 65, 1059-1066. 
40. Giskes K, Avendano M, Brug J et al. (2010) A systematic review of studies on 
socioeconomic inequalities in dietary intakes associated with weight gain and 
overweight/obesity conducted among European adults. Obes Rev 11, 413-429. 
41. Jones NR, Monsivais P (2016) Comparing Prices for Food and Diet Research: The 
Metric Matters. J Hunger Environ Nutr 11, 370-381. 
42. Mann KD, Pearce MS, McKevith B et al. (2015) Whole grain intake and its association 
with intakes of other foods, nutrients and markers of health in the National Diet and Nutrition 
Survey rolling programme 2008-11. Br J Nutr 113, 1595-1602. 
43. England PH (2016) Government Dietary Recommendations. 
44. Geyer S, Hemstrom O, Peter R et al. (2006) Education, income, and occupational class 
cannot be used interchangeably in social epidemiology. Empirical evidence against a 
common practice. J Epidemiol Community Health 60, 804-810. 
45. Fujishiro K, Xu J, Gong F (2010) What does "occupation" represent as an indicator of 
socioeconomic status?: exploring occupational prestige and health. Soc Sci Med 71, 2100-
2107. 
46. Peter R, Siegrist J, Hallqvist J et al. (2002) Psychosocial work environment and 
myocardial infarction: improving risk estimation by combining two complementary job stress 
models in the SHEEP Study. J Epidemiol Community Health 56, 294-300. 
47. Choudhury Y, Hussain I, Parsons S et al. (2012) Methodological challenges and 
approaches to improving response rates in population surveys in areas of extreme 
deprivation. Prim Health Care Res Dev 13, 211-218. 
  
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114520001087
Accepted manuscript 
 
Figure legends 
 
Figure 1. Estimated mean values of the DASH score according to survey year and 
socioeconomic position. Estimates were obtained at a mean age of 48 years (mean age of the 
survey population) from linear regression models including survey year, age and one of the 
socioeconomic variables (education, occupation based social class and income).
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Figure 2. Estimated median intake of each component of the DASH score in individuals with degree or equivalent qualification and those with 
no qualification according to survey year. Estimates were obtained at a mean age of 48 years (mean age of the survey population) from quantile 
regression models including survey year, age and education.  
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Figure 3. Estimated median intake of each component of the DASH score among high managerial and routine manual workers according to 
survey year. Estimates were obtained at a mean age of 48 years (mean age of the survey population) from quantile regression models including 
survey year, age and occupation-based social class.     
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Figure 4. Estimated median intake of each component of the DASH score among those in the lowest (Q1) and highest fifth (>=Q4) of the 
distribution of equivalised household income. Estimates were obtained at a mean age of 48 years (mean age of the survey population) from 
quantile regression models including survey year, age and household income. 
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Table 1. Demographic and socioeconomic characteristics of the study population by survey year. 
 
 
2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 
P-value for 
trend 
a
 
Sex          
Males 355 (42.5) 369 (43.5) 365 (44.0) 430 (39.7) 264 (40.2) 265 (38.8) 335 (45.3) 292 (39.5) .243 
Females 481 (57.5) 479 (56.5) 464 (56.0) 654 (60.3) 393 (59.8) 418 (61.2) 404 (54.7) 448 (60.5)  
Age          
Mean (SD) 48.1 (18.4) 48.3 (18.5) 47.3 (18.5) 48.9 (17.6) 48.7 (18.3) 48.8 (18.6) 48.9 (19.2) 48.7 (18.2) .202 
Race          
White 786 (94.0) 801 (94.4) 770 (92.9) 1020 (94.1) 599 (91.2) 634 (92.8) 680 (92.0) 664 (89.7) <.001 
Mixed ethnic group 9 (1.1) 4 (0.5) 7 (0.8) 13 (1.2) 4 (0.6) 8 (1.2) 4 (0.5) 11 (1.5) 
 
Black or Black 
British 18 (2.2) 15 (1.8) 19 (2.3) 15 (1.4) 18 (2.7) 11 (1.6) 14 (1.9) 23 (3.1) 
 
Asian or Asian 
British 17 (2.0) 17 (2.0) 21 (2.5) 25 (2.3) 21 (3.2) 21 (3.1) 31 (4.2) 27 (3.6) 
 
Any other group 6 (0.7) 11 (1.3) 12 (1.5) 11 (1.0) 15 (2.3) 9 (1.3) 10 (1.4) 8 (1.1) 
 
Not available 0  
0  0  0  0  0  0  
7 (1.0) 
 
BMI (kg/m2)          
<18.5 11 (1.3) 15 (1.8) 12 (1.4) 15 (1.4) 15 (2.3) 9 (1.3) 14 (1.9) 10 (1.3) .996 
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18.5-24.9 279 (33.4) 271 (31.9) 270 (32.6) 322 (29.7) 231 (35.1) 227 (33.2) 228 (30.9) 235 (31.8)  
25.0-30.0 291 (34.8) 290 (34.2) 273 (32.9) 353 (32.6) 222 (33.8) 236 (34.6) 251 (34.0) 245 (33.1)  
>=30 210 (25.1) 228 (26.9) 212 (25.6) 317 (29.2) 151 (23.0) 186 (27.2) 189 (25.5) 188 (25.4)  
Not available 45 (5.4) 44 (5.2) 62 (7.5) 77 (7.1) 38 (5.8) 25 (3.7) 57 (7.7) 62 (8.4)  
Education         .006 
Degree or equivalent 168 (20.1) 169 (20.0) 187 (22.5) 227 (20.9) 172 (26.2) 150 (22.0) 179 (24.2) 205 (27.8)  
Higher education, 
below degree level 
218 (26.1) 190 (22.4) 210 (25.3) 298 (27.5) 148 (22.5) 142 (20.8) 153 (20.7) 151 (20.5)  
GCSE 168 (20.1) 180 (21.2) 167 (20.1) 225 (20.8) 112 (17.1) 162 (23.7) 152 (20.6) 153 (20.7)  
No qualification 211 (25.2) 224 (26.4) 173 (20.9) 255 (23.5) 148 (22.5) 133 (19.5) 155 (21.0) 155 (21.0)  
Foreign 21 (2.5) 41 (4.8) 42 (5.1) 33 (3.0) 30 (4.6) 30 (4.4) 23 (3.1) 26 (3.5)  
Still in full time 
education 
40 (4.8) 40 (4.7) 50 (6.0) 41 (3.8) 43 (6.5) 33 (4.8) 37 (5.0) 44 (6.0)  
Not available 10 (1.2)  4 (0.5) 0 2 (0.5) 4 (0.6) 31 (4.8) 39 (5.4) 4 (0.5)  
Occupation         .804 
Higher managerial 
and professional 
occupations 
109 (13.0) 110 (13.0) 119 (14.4) 141 (13.0) 128 (19.5) 106 (15.5) 115 (15.6) 108 (14.6)  
Lower managerial 
and professional 
occupations 
207 (24.8) 228 (26.9) 209 (25.2) 255 (23.5) 151 (23.0) 157 (23.0) 173 (23.4) 175 (23.7)  
https://doi.org/10.1017/S0007114520001087
D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . N
A
TO
 D
efence C
ollege , on 21 M
ar 2020 at 13:46:59 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s .
Accepted manuscript 
 
Intermediate 
occupations 
79 (9.4) 65 (7.7) 89 (10.7) 113 (10.4) 64 (9.7) 83 (12.2) 65 (8.8) 64 (8.6)  
Small employers and 
own account workers 
88 (10.6) 85 (10.0) 95 (11.5) 118 (10.9) 71 (10.8) 67 (9.8) 88 (11.9) 89 (12.0)  
Lower supervisory 
and technical 
occupations 
97 (11.6) 98 (11.5) 84 (10.1) 86 (7.9) 58 (8.8) 51 (7.5) 67 (9.1) 63 (8.5)  
Semi-routine 
occupations 
111 (13.3) 123 (14.5) 106 (12.8) 170 (15.7) 80 (12.2) 104 (15.2) 97 (13.1) 120 (16.2)  
Routine occupations 104 (12.4) 100 (11.8) 92 (11.1) 156 (14.4) 65 (9.9) 76 (11.1) 101 (13.7) 91 (12.3)  
Never worked 19 (2.3) 21 (2.5) 29 (3.5) 20 (1.8) 21 (3.2) 25 (3.7) 28 (3.8) 19 (2.6)  
Long-term 
unemployed 
22 (2.6) 18 (2.1) 6 (0.7) 18 (1.7) 19 (2.9) 11 (1.6) 3 (0.4) 6 (0.8)  
Not available 0 (0.0) 0 (0.0) 0 (0.0) 7 (0.7) 0 (0.0) 3 (0.4) 2 (0.3) 5 (0.7)  
Income (thousands)          
Median (Q1-Q4) 25.6 (12.3-
44.1) 
26.8 (12.8-
44.1) 
27.5 (13.2-
42.5) 
24.1 (12.3-
45.1) 
24.7 (12.9-
47.5) 
26.4 (12.5-
45.1) 
27.5 (13.1-
45.0) 
27.9 (12.5-
49.2) 
.052 
Not available 112 (13.4) 104 (12.3) 124 (15.0) 188 (17.3) 82 (12.5) 96 (14.1) 108 (14.6) 110 (14.9) .243 
GCSE: General Certificate of Secondary Education, Q: Quintile, SD: Standard Deviation,  
a 
Trends over the survey period in the proportion of males, white individuals, mean age, overweight, individuals with no qualification, routine occupation and income were 
tested including the calendar year (in continuous) in logistic regression models (for categorical variables) or linear regression models (for continuous variables). 
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Table 2. DASH score according to socioeconomic groups and survey years. 
SEP variable 2008 2009 2010 2011 2012 2013 2014 2015 
SEP effect 
(P-value) a 
Survey 
year effect 
(P-value) a 
SEP x 
Survey 
year effect 
(P-value) a 
Education            
Degree or equivalent 25.5 (5.4) 25.8 (4.9) 25.4 (5.3) 24.9 (5.3) 26.4 (5.1) 26.5 (5.3) 26.4 (5.0) 26.1 (5.2) <.001 <.001 .192 
Higher education, below degree level 22.9 (5.5) 23.8 (5.2) 23.4 (5.4) 23.8 (5.3) 24.3 (4.9) 24.1 (5.5) 23.4 (5.4) 24.4 (5.1)    
GCSE 22.0 (5.5) 22.1 (5.9) 21.8 (5.6) 22.3 (5.5) 23.6 (6.2) 23.5 (5.4) 23.9 (5.8) 24.0 (6.2)    
No qualification 22.5 (5.2) 22.5 (5.2) 23.3 (5.3) 24.2 (5.1) 23.6 (4.9) 23.2 (5.2) 23.5 (4.6) 24.4 (5.0)    
Occupation            
Higher managerial and professional 
occupations 
24.9 (4.9) 25.2 (4.9) 25.9 (5.0) 25.5 (5.4) 26.3 (5.2) 25.4 (5.4) 25.3 (5.1) 26.3 (5.2) <.001 <.001 .120 
Lower managerial and professional 
occupations 
23.7 (5.6) 24.3 (5.5) 24.0 (5.3) 24.7 (5.2) 24.1 (5.5) 25.4 (5.4) 25.4 (5.2) 25.6 (5.5)    
Intermediate occupations 22.5 (5.3) 23.2 (5.1) 23.3 (5.4) 23.9 (5.6) 24.2 (5.6) 23.9 (5.4) 24.3 (5.6) 24.4 (5.1)    
Small employers and own account 
workers 
24.0 (5.6) 23.9 (5.8) 23.0 (5.0) 24.0 (5.2) 24.9 (4.6) 24.0 (5.0) 24.9 (5.3) 23.7 (5.4)    
Lower supervisory and technical occ. 22.6 (5.1) 23.0 (5.5) 23.0 (5.9) 23.3 (5.4) 24.2 (5.6) 22.3 (5.9) 23.0 (5.6) 25.0 (5.0)    
Semi-routine occupations 22.3 (5.4) 22.4 (5.5) 21.9 (5.3) 22.4 (5.3) 24.1 (5.4) 23.2 (5.0) 23.4 (5.1) 24.2 (5.7)    
Routine occupations 21.0 (6.0) 20.9 (5.3) 21.3 (5.5) 22.8 (5.4) 22.5 (5.3) 23.2 (5.5) 22.6 (5.2) 23.1 (5.1)    
Household income            
<Q1 21.5 (5.2) 21.3 (5.4) 22.6 (5.6) 22.5 (5.4) 23.0 (5.2) 22.5 (5.1) 22.7 (5.9) 23.6 (5.9) <.001 <.001 .942 
Q1-Q2 22.7 (5.9) 23.0 (5.8) 22.1 (5.3) 23.5 (6.0) 24.2 (5.4) 23.3 (5.3) 23.8 (5.8) 24.6 (5.7)    
Q2-Q3 23.6 (5.5) 23.7 (5.5) 23.4 (5.5) 23.8 (5.1) 24.0 (5.9) 24.8 (5.5) 24.2 (5.0) 24.7 (5.3)    
Q3-Q4 23.4 (5.7) 24.4 (5.6) 23.8 (5.5) 24.5 (5.2) 24.5 (5.6) 24.3 (5.5) 25.5 (4.9) 25.0 (5.5)    
>=Q4 23.9 (5.2) 24.7 (5.0) 25.2 (4.9) 24.5 (5.1) 26.3 (5.0) 25.8 (5.3) 25.1 (5.2) 25.9 (5.3)    
Data are mean (Standard deviations) 
GCSE: General Certificate of Secondary Education, Q: Quintile, SEP: Socioeconomic position 
a 
P-values were obtained from F test comparing nested multiple linear regression models with and without the term. The models included also sex, age (centered at mean), 
age
2
 and ethnic
 
group (whites and non-whites) as covariates. 
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Table 3. Results of the multiple linear regression models used to evaluate the relationship between socioeconomic variables and the DASH score 
 
 Model #1 Model #2 Model #3 
Parameter  (95% CI)  (95% CI)  (95% CI) 
Intercept 23.14 (22.3; 23.97) 22.06 (21.28; 22.84) 21.19 (20.38; 22.00) 
Female sex 0.42 (0.16; 0.69) 0.55 (0.29; 0.81) 0.52 (0.25; 0.80) 
Non-white 1.80 (1.26; 2.32) 2.23 (1.72; 2.74) 2.65 (2.12; 3.19) 
Age  0.12 (0.11; 0.13) 0.10 (0.09; 0.11) 0.10 (0.09; 0.11) 
Age2 -0.0019 (-0.0023; -0.0015) -0.0018 (-0.0022; -0.0015) -0.0014 (-0.0018; -0.0010) 
Survey year 0.17 (0.11; 0.22) 0.20 (0.14; 0.25) 0.20 (0.14; 0.26) 
Education 
   
Higher education below degree level -1.78 (-2.13; -1.42) . . 
GCSE -2.81 (-3.18; -2.44) . . 
No qualification -3.61 (-4.00; -3.22) . . 
Occupation  
   
Low managerial and professional . -0.96 (-1.37; -0.55) . 
Intermediate . -1.87 (-2.38; -1.35) . 
Small employers and own account workers . -1.76 (-2.26; -1.27) . 
Lower supervisory and technical . -2.36 (-2.88; -1.85) . 
Semi routine . -2.64 (-3.10; -2.18) 
 
Routine . -3.41 (-3.89; -2.93) . 
Household income 
   
Q3-Q4 . . -0.67 (-1.11; -0.24) 
Q2-Q3 . . -1.39 (-1.82; -0.96) 
Q1-Q2 . . -1.86 (-2.29; -1.44) 
<Q1 . . -2.71 (-3.15; -2.28) 
CI: Confidence intervals, GCSE: General Certificate of Secondary Education, Q: Quintile 
All models included sex (reference category: male), ethnic
 
group (reference category: whites), age (centered at mean), age
2
, survey year and one of the socioeconomic 
variables among highest education attainment (Model #1) (reference category: degree or equivalent), occupation-based social class (Model #2) (reference category: high 
managerial and professional) and equalised household incomes (Model #3) (above the 4
th
 quintile of the distribution). 
Reference categories: male (sex), white (race), degree or equivalent (education), higher managerial and professional (occupation) and >= Q4 (household income). 
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